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Summary (146 words): This report describes a novel technique for abdominal wall reconstruction using an internal abdominal oblique muscle flap in an Australian kelpie. En-bloc resection of a chondrosarcoma and biopsy scar centred on the thirteenth rib was performed to include full thickness thoracic wall (twelfth rib, extending caudally) and lateral abdominal wall (including the vascular pedicle of the external abdominal oblique muscle). The diaphragm was advanced to close the thorax. A flap using the caudal internal abdominal oblique muscle was elevated and rotated 90 degrees to fill the dorsal defect. The ventral defect was closed using the composite ventral abdominal muscles. The skin was closed primarily. The dog developed a self-resolving seroma. Twelve months postoperatively, the dog engages in agility competitions. A viable muscle flap using the internal abdominal oblique muscle provides a useful alternative to previously described techniques for autogenous closure of a large abdominal wall wound.
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Introduction: Reconstruction of large abdominal wall defects resulting from trauma or extensive resection of neoplastic disease can prove challenging. Autologous tissues and non-autologous materials can be used to close these defects. The use of synthetic mesh to close abdominal wall defects in dogs is limited to a few case reports and experimental studies (Clarke et al. 1996, Bowman et al. 1998, Baines et al. 2002, Liptak et al. 2008, de Castro Marques et al. 2009, Huang et al. 2014). There is no strong evidence that non-autologous materials have a higher risk of surgical site infection in clean surgical sites (neoplastic resection and abdominal hernias) however should this occur, explantation of contaminated material is generally necessary to resolve the clinical signs (Engelsman et al. 2007, Falagas & Kasiakou 2004). Additionally, foreign material may cause tissue reaction. Consequently, reconstruction using autologous tissues may be preferable (Lowe 2006, Smeak 2017). Muscle flaps described to close abdominal wall deficits in small animal patients include the cranial sartorius (Weinstein et al. 1989), external abdominal oblique (Alexander et al.1991) and rectus abdominis (Archipow and Lanz 2011) muscles. This case report describes the use of a novel internal abdominal oblique muscle flap to reconstruct a major abdominal wall defect in a dog.   
History: A seven-year-old male neutered Australian Kelpie, weighing 21.5 kg, was presented with an immobile, firm, 2 x 2 cm tumour at the costochondral junction of the right 13th rib. Incisional biopsies taken prior to referral were consistent with chondrosarcoma.  Haematology and serum biochemistry tests were unremarkable. The dog was premedicated with 10 µg/kg medetomidine (Sedator; Dechra) and 0.45 mg/kg methadone (Synthadone; Animalcare) administered intramuscularly (IM). Anaesthesia was induced with 4mg/kg propofol (PropFlo; Zoetis) intravenously (IV) to effect, a cuffed endotracheal tube was placed and anaesthesia was maintained with isoflurane in 100% oxygen. Using a 16 slice helical computed tomographic (CT) scanner (Aquilion S16, Toshiba), plain and non-selective contrast enhanced (Omnipaque; GE Healthcare) acquisitions were performed. Thoracic CT images showed a 1.8 x 1.2 x 2 cm calcified mass arising from the right 13th rib, at the chondrocostal junction, with a small region of central contrast enhancement. The mass was displacing but not invading the abdominal musculature laterally and medially (Fig 1). The cranial abdomen was unremarkable and there was no evidence of pulmonary metastasis or lymphomegaly. For surgery, the patient was positioned in left lateral recumbency. IV antibiosis (20 mg/kg cefuroxime, Zinacef; Glaxo-SmithKline) was administered preoperatively and every 90 minutes intraoperatively. Constant rate infusions (CRI) of 0.2 µg/kg/min fentanyl (Fentadon; EuroVet) and 10 µg/kg/min ketamine (Anaestestamine; Animalcare) provided analgesia. The mass, together with the scar from the original biopsy, was outlined and a margin of 3 cm of macroscopically normal tissue was drawn on the skin with a sterile marker pen and ruler (Fig 2A). A full thickness en-bloc resection was performed; bone cutting shears were used to partly resect the twelfth and thirteenth ribs, ensuring that at least 5cm of normal rib proximal and distal to the mass was removed. The diaphragm was incised at least 3cm from the mass margin and the tissue removed. Thorough lavage with warm sterile saline was performed; gloves and instruments were changed. A 14 Ga thoracic drain (MILA chest tube; MILA International, inc.) was placed in the ninth intercostal space using a Seldinger over-the-wire technique while visualising the entry of the cannula and drain entering in to the chest as it was open at the time of surgery . Stay sutures using 3-0 polypropylene (Prolene; Ethicon) were used to manipulate the diaphragm, which was advanced to the eleventh rib and secured using circumcostal simple continuous sutures with 3-0 polydioxanone (PDS II; Ethicon). At the caudal edge of the abdominal wall defect the external abdominal oblique, internal abdominal oblique and transversus muscles were separated and identified (Fig 2B). The internal abdominal oblique muscle was isolated and a 15 cm wide muscle flap was created with a dorsally based pedicle, adjacent to the lumbar musculature.  The cranial extent of the flap bordered the wound. The caudal incision started at the lumbar fascia and iliac wing, and extended parallel with the muscle fibres ventro-cranially into the aponeurosis. The ventral incision was made through the aponeurosis 2 cm beyond the transition from muscle to fascia, extending cranially and paramedian (Fig 2C). The flap was rotated 90 degrees cranially to fill the dorsal half of the defect. The original cranial edge of the flap was sutured to the sublumbar muscle and the original ventral edge of the flap (the tip of the flap) was sutured to the remnants of the lattisimus dorsi and intercostal muscles using a combination of simple continuous sutures and 3 circumcostal mattress sutures using 2-0 polydioxanone (PDS II; Ethicon). The original caudal aspect of the flap was secured to a composite edge of the remaining transversus abdominis, rectus abdominis and the ventral part of the internal abdominal oblique muscles with 2-0 polydioxanone in a simple continuous pattern (Fig 2D). To further reinforce the ventral repair, the edges of the external abdominal oblique that could be apposed without tension were approximated using a simple continuous pattern with 2-0 polydioxanone (Fig 2E). An active drain was placed (mini redOpack, Vygon) and removed 48 hours postoperatively together with the chest drain. The adjacent skin was undermined to allow for tension free closure. The edges were apposed and closed routinely in three layers (Fig 2F). Postoperative analgesia was provided using a CRI of 0.1mg/kg/hr morphine (Morphine sulfate; Martindale Pharmaceuticals) combined with 10 µg/kg/min ketamine (Anaestestamine; Animalcare) for 24 hours followed by 0.2mg/kg methadone (Synthadone; Animalcare) IV every four hours for 24 hours, then 2mg/kg tramadol (Tramadol; Bristol Laboratories Ltd) orally twice daily for 6 days, 2mg/kg carprofen (Rimadyl; Zoetis) orally twice daily for 11 days from the time of surgery. 
The histopathological diagnosis was consistent with a chondroma or a low-grade chondrosarcoma, which had been completely excised. Fourteen days postoperatively the incision had healed well with a small seroma beneath the incision ventrally. No deficits to the abdominal wall were palpable and the dog was comfortable. The dog revisited 3 weeks postoperatively for suture removal at which time the seroma had resolved. At follow-up 12 months postoperatively the owner reported the dog was back to full function and engaging in agility competitions with no evidence of tumour recurrence, complications or discomfort.   
Discussion: This is the first report of using an internal abdominal oblique muscle flap to close a major abdominal wall defect. The flap was performed in one clinical case with no major complications. A self-resolving seroma developed, however this was considered to be a result of the extensive mass excision rather than because of the reconstruction. Whilst repair using previously described autologous muscle flaps was considered (external abdominal oblique, latissimus dorsi, rectus abdominis and cranial sartorius), they  were not as appropriate as the internal abdominal oblique muscle in this case. The flap was harvested without repositioning of the patient and we did not need to incise additional regions of skin at distant donor locations which could increase patient morbidity or potentially risk tumour seeding. The external abdominal oblique muscle was mostly excised and the vascular pedicle located at the craniodorsolateral abdomen at the 13th rib had been removed as part of the resection. The dorso-caudal insertion of latissimus dorsi had been similarly excised and it would not have been possible to advance the remaining the remaining muscle from the thorax far enough caudally. The rectus abdominis muscle and the cranial Sartorius muscles would have required positions changes and additional skin incisions to raise (increasing the duration of anaesthesia and patient morbidity) and we also felt that they would not provide sufficient muscle volume to fill the large abdominal wall defect. Prosthetic constructs, such as synthetic mesh, and xenografts such as porcine small intestinal submucosa, have also been described as the sole means of abdominal wall reconstruction in humans (Engelsman et al. 2007) and for thoracic and abdominal wall reconstruction in dogs and cats (Clarke et al. 1996, Bowman et al. 1998, Baines et al. 2002, Liptak et al. 2008, de Castro Marques et al. 2009). The authors considered using polypropylene or polydioxanone mesh in this patient, but felt that we would still want to support the implant with autogenous tissue (such as omentum or muscle) to facilitate integration and improve local resistance to infection. Since we were able to close the defect securely and without tension using the elevated muscle flap, it was considered unnecessary to provide additional support with a mesh and minimise the use of foreign material to avoid the risk of local reaction, inflammation and potentially complicated implant infection. A non-autologous method may be preferred by some surgeons following tumour resection to minimise the risk of tumour seeding through the creation of additional surgical incisions in the surrounding tissues; we felt this was of little concern in our patient since we had performed a wide en-bloc resection and we changed gloves and surgical equipment prior to raising the muscle flap and skin closure.
A human perfusion study has shown the internal abdominal oblique muscle is a versatile and useful muscle flap; vascularised by the deep circumflex iliac artery, the lower six posterior intercostal arteries and lateral branches of the deep inferior epigastric artery.  (Yang et al. 2003). Neurovascular and cadaveric studies of the internal abdominal oblique muscle in the dog and cat should likewise be performed to investigate its the full potential size and applicability of this muscle flap for different anatomical locationsas a vascularised muscle pedicle flap and fully elucidate the vascular supply in dogs and cats. Considering the excellent outcome of the patient described here the internal abdominal oblique muscle should be considered as a useful option when reconstructing a major abdominal wall defect, particularly in the location we describe..
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Figure legends:
Figure 1. Transverse computed tomographic (CT) images of the thoracoabdominal junction demonstrating a mass arising from the right 13th rib with mild contrast enhancement. The mass is marked with *. 
Figure 2. A: Dog in left lateral recumbency (head is to the right of the image). Ribs are drawn on the skin using a sterile marker (11, 12 and 13). A 3cm margin to include the mass (a) and biopsy scar (b) with an elliptical incision is planned. B: Intraoperative view: the thorax has been closed by diaphragmatic advancement (dotted line). The muscle layers of the abdominal wall have been separated. C: The dotted line shows the outline of the incision to create a muscle flap of the internal abdominal oblique muscle (IAO). D: The IAO flap has been rotated craniodorsally by 90 degrees to fill the dorsal half of the abdominal wall defect. The ventral edge of the positioned flap was closed primarily to the composite remaining paramedian abdominal wall muscles. E: The edges of the external abdominal oblique muscle were brought together to reinforce the repair. F: Final result after routine 3-layer closure. c) External abdominal oblique, d) internal abdominal oblique, e) transversus abdominis, f) aponeurosis of the internal abdominal oblique, g) rectus abdominis and the ventral part of the internal abdominal oblique   
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